C2HsNHf.C4HsO4, Mr = 163"17, triclinic, P1, a = 8.293 (1), b = 9.342 (6), c = 10.934 (2) A, a = 88-94 (3), /3 = 89.39 (1), y = 84.46 (2) °, V= 842"9 (8) ,~3, Z = 4, Dx = 1.286 g cm-3, A(Mo K~) = 0.71073 A, /z = 1.008cm-1, F(000)= 352, T= l l0K, R=0"052 for 1885 observed reflections. (C2Hs)2NH~-.CaH504, Mr = 191"23, orthorhombic,
Pban, a = 12.661 (2), b = 10.125 (1), c = 8.031 (1)]k, V = 1029.5 (5) ,~3, Z = 4, Dx = 1.234 g cm -3, a(Mo K~) = 0.71073/~, /,i, = 0.918 cm-1, F(000) = 416, T = 110 K, R = 0.040 for 2007 observed reflections. In both compounds the hydrogen succinate ions are linked by very short hydrogen bonds resulting in infinite chains. In ethylammonium hydrogen succinate the chains are formed by two distinct succinate entities which alternate in the structure. They are connected by two short hydrogen bonds, both asymmetric. One hydrogen bond with length 2.483 (4) A is between a carboxylic acid group and a carboxylate group, while the other short hydrogen bond with length 2.456 (4)A is between two half ionized, but not identical, CO0 groups. Diethylammonium hydrogen succinate contains a crystallographically symmetric short hydrogen bond with length 2.4370 (7) A. The H atom in the short hydrogen bond seems to be best described by two equally populated sites on each side of the center of the bond. The chains of anions are interconnected by longer hydrogen bonds to the cations in both compounds.
Introduction. The crystal structure determinations of ethylammonium hydrogen succinate (1) and diethylammonium hydrogen succinate (2) have been performed as a continuation of earlier studies of acid salts of malonic acid and succinic acid with special interest in the hydrogen bonding (Kalsbeek & Larsen, 1991) . Acid salts of carboxylic acids and dicarboxylic acids have been extensively investigated structurally (Speakman, 1972) and spectroscopically (Had~i, 1965) . One of the main subjects of the research work is to understand the nature of the very short crystallographically symmetric hydrogen bonds linking the anions in infinite chains. Is the H atom effectively centered or is there a dynamical or statistical disorder? The first situation indicates a single minimum potential function for the H atom, the second a double minimum potential function.
Experimental. Suitable crystals for the diffraction studies of (1) and (2) were obtained by slow evaporation from aqueous solutions which contained equivalent molar amounts of succinic acid and the respective amine (ethylamine and diethylamine). Both compounds form colorless needle-shaped crystals. The data collection was performed at 110 K using an Enraf-Nonius CAD-4 diffractometer with graphite-monochromatized Mo K~ radiation. Unitcell dimensions were determined from a least-squares refinement of 22 reflections with 0 in the range 15.3-16.6°(1) and 15.4-23-4°(2). The different experimental conditions and results from refinements are summarized in Table 1 . Data reduction included Lp corrections. The remeasurement of three standard reflections every 10000s showed no significant change in intensity during exposure time. No corrections for decay and absorption were performed. The symmetry equivalent reflections were averaged giving Rin t = 0.017 for (1) and 0-016 for (2).
Both structures were solved by direct methods with the program SHELXS86 (Sheldrick, 1990) and refined using the full-matrix least-squares method minimizing Y.w(IFoI-IF~I) 2. Using I/tr(/)> 2 and weights w-1 = try(F) + 0.000414 2 in the refinement of the structure for (1) led to a final R = 0.057. The diffraction from the crystal of (1) resulted in broad reflections and probably a scan width which was too small had been chosen. This affected weak reflections relatively more than strong reflections. Using I/tr(1) > 4 and weights w-1 = tr2(F) + 0.00091bq2 reduced this problem and led to a final R = 0.052. The positions of the H atoms were shown clearly in the difference Fourier electron density maps. Their positional parameters were included in the refinement for (1), while both positional and displacement parameters for the H atoms were refined for (2). As performed earlier by Kalsbeek & Larsen (1991) , two refinement models were examined for the position of the H atom in the short hydrogen bond in (2). In agreement with their observations the displacement parameter was much larger [B = 6.2 (7)A 2] when the H atom was placed in the special position, than when it was in a general position corresponding to two half populated sites on each side of the center of the hydrogen bond, B = 3.6 (6)A 2. The separation between the two half populated H-atom sites is 0-58 (4) A..
All calculations except the structure determinations were performed with the Enraf-Nonius SDP program system (Enraf-Nonius, 1985) . Scattering factor values for all atoms were taken from International Tables for X-ray Crystallography (1974, Vol. IV) and used as contained in the program system.
Discussion. The final positional parameters and equivalent isotropic displacement parameters are given in Table 2 .* Ethylammonium hydrogen succinate (1) forms triclinic crystals with two formula units in the asymmetric unit and none of the ions bound by crystallographic symmetry. This is rare since most other investigated hydrogen succinate salts contain both anion and cation on crystallographic symmetry elements (McAdam, Currie & Speakman, 1971; McAdam & Speakman, 1971; Kiippers, 1982; Kalsbeek & Larsen, 1991) . In the structure of diethylammonium hydrogen succinate (2) both anion and cation are found on crystallographic symmetry elements as would be expected (the second choice of origin, on 1, has been used for space group Pban).
The chains of anions in the structure of (1) are formed by two different succinate entities that are connected by two short asymmetric hydrogen bonds illustrated in Fig. 1 . From Tables 3 and 4 it can be seen that one hydrogen bond with length 2.483 (4) A is between a carboxylic acid group C(14)--O(13)--O(14) and a carboxylate group C(21)--O(21)--0(22). The other hydrogen bond of length 2.456 (4)/~ is significantly shorter and between two very similar, but not identical, COO groups. Table 3 illustrates that the geometry of these two COO groups is intermediate between that of a real carboxylic acid group and a carboxylate group. This resembles Speakman's (1972) 
0-0060 (5) (11) (5) O(]4)---Cq4)---C(j3) 121-0 (4) 120-4 (4) C(j4)---O03) 1.308 (5) 1.298 (5) COl)---C(/2) 1.507 (6) longer than symmetric hydrogen bonds. This fits well with the observation that the hydrogen bond O(13)--O(21) between the carboxylic acid group and the carboxylate group is longer [2.483 (4)A] than that, O(11)---O(23) with length 2.456 (4)/~, between the more equivalent COO groups. This value is longer than the truly symmetric short hydrogen bond found in the crystal structure of (2), which is 2.4370 (7)/~. C2HsNHf.C4HsO4 AND (C2Hs)2NHf.C4HsO4
In diethylammonium hydrogen succinate (2) twofold rotation axes pass through the hydrogen succinate ion and the diethylammonium ion. This arrangement in the crystal implies that the very short hydrogen bond linking the anions into infinite chains is across a crystallographic twofold axis. The short hydrogen bond is symmetric due to crystallographic symmetry and a type A2 salt according to Speakman (1972) . Like the earlier investigated hydrogen succinate salts of methylammonium and dimethylammonium (Kalsbeek & Larsen, 1991) and of lithium (Kfippers, 1982) the H atom in the short hydrogen bond in (2) is best described by two half populated H atoms placed on each side of the twofold axis. Kalsbeek & Larsen (1991) discussed the crystallographic site symmetry of the hydrogen succinate ion in different salts, which is either 1 or 2/m. In the investigated diethylammonium salt the site symmetry of the anion is 2. The hydrogen succinate ion is illustrated in Fig. 2 . In this salt the deviation from 180 ° for the torsion angle O(1)---C(1)--C(2)---C(2') of the anion is larger than in the earlier discussed salts, 163 ° compared to 177-180 ° . This larger deviation from 180 ° is permitted by the change in site symmetry of the anion. The conformation of the hydrogen succinate entities in the structure of (1) differ significantly from these observations as illustrated by the torsion angles O(1 l)---C(11)---C (12) anions to the cations. The geometry of the hydrogen bonds is given in (22) show great variation from the usual linear hydrogen bonds, the angles being 145 (5) and 135 (4) ° respectively.
In the structure of (1) one of the O atoms, O(11), involved in the shortest hydrogen bond linking the anions in chains is also an acceptor atom in a hydrogen bond to one of the cations. This is not observed in other acid salts of malonic acid and succinic acid, but a similar observation was made by Currie, Speakman, Kanters & Kroon (1975) in the structure of potassium hydrogen meso-tartrate. In this compound the O atoms in one of the two crystallographically symmetric hydrogen bonds accept a second H atom. This weakens the bond which has a length of 2.483(2) compared to ./
(1)
(2) Fig. 3 . Stereo drawings of (1) and (2). (1) is seen along the a axis, the b axis is horizontal and the c axis vertical.
(2) is seen along the b axis, the a axis is vertical and the c axis horizontal. In both drawings the anions are shown with filled bonds and the cations with open bonds.
2.452 (2)/~ for the second hydrogen bond. In the structure of (1) the opposite is observed, O(11)--0(23) [2.456 (4)A] being shorter than O(13)---O(21) [2.483 (4) ,~]. The C--C distances in each succinate residue in (1) are internally equivalent within the standard deviations, but there is a difference between the two residues. The mean C--C distance in the first residue is 1.510 compared to 1.522 A in the second. The same mean C--C distance in (2) is 1.5150 A. The longer mean C--C distance in the second residue in (1) can be explained by the observation that 0(24) in this residue is involved in the shortest N---O hydrogen bond [2.773 (5)A] in (1), thereby stretching the succinate entity.
The dimensions of the cations are listed in Table 3 . The three N--C distances are equivalent within the standard deviations. The C--C distances for the second residue in (1) and (2) are equivalent, while the C---C distance for the first residue is slightly smaller.
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